The insect pathogen Bacillus popilliae was shown to oxidize trehalose more rapidly than glucose when the sugars were present at relatively low concentrations, 10-2 M or less (1). Trehalose was found to be phosphorylated in a phosphoenolpyruvate (PEP)-dependent reaction, and the resulting trehalose 6-phosphate was cleaved by a phosphotrehalase to glucose and glucose 6-phosphate. The data indicated that trehalose is transported by a PEP:sugar phosphotransferase system. The present study was designed to determine the type(s) of transport for two other sugars that support the growth of B. popilliae, glucose and maltose.
B. popilliae NRRL B-2309MC was used in all of these experiments. The media and general methods used were the same as described earlier (1). Phosphotransferase activities were assayed by the method of Romano et al. (6) .
Previous data (1) indicated that 0.01 M sodium fluoride inhibited glucose oxidation approximately 50%. However, when the glucose concentration was reduced to levels below 5 x 10-4 M, the oxidation of glucose was completely inhibited by this level of fluoride. These data suggested that glucose uptake was dependent on PEP. However, phosphotransferase assays with toluenized cells demonstrated that both PEP and adenosine 5'-triphosphate (ATP) could be used to phosphorylate glucose (Table  1) . In contrast, with trehalose only a negligible amount of sugar was phosphorylated with ATP as compared to PEP. Also, the addition of PEP to reactions containing the glucose analog methyl a-D-glucopyranoside (a-MG) stimulated phosphorylation by a factor of 10 as compared with ATP. It appears likely that the phosphorylation of glucose obtained with ATP was due I Journal article no. 7953 from the Michigan Agricultural Experiment Station.
to an ATP-dependent hexokinase. This enzyme was readily detectable in crude cell extracts using a coupled spectrophotometric assay (5) . No PEP-dependent kinase activity was detected by this assay. Freese et al. (4) noted that the PEP-dependent glucose phosphotransferase of B. subtilis would phosphorylate a-MG, whereas the glucokinase would not.
B. popilliae cannot utilize a-MG except after an induction period (2). However, intact glucose-grown cells accumulated the labeled glucoside readily, and the uptake was completely inhibited by 0.01 M sodium fluoride. Competition studies demonstrated that the uptake of either [14C]glucose or [14C]a-MG was inhibited when an excess of the other (unlabeled) was present. Thus, it appears that a-MG does function as an analog of glucose in the uptake system. It has been widely used as such in studies of the PEP:glucose phosphotransferase system in enteric bacteria (7).
The uptake of [ "4C]ia-MG followed typical saturation kinetics (Fig. 1) . A Lineweaver-Burk plot of these data indicated that the apparent K,,, was 6.7 x 10-6 M. Uptake studies with ['4C]glucose yielded results similar to those in Fig. 1, but were not as reliable because of the rapid utilization of glucose. The above data all indicate that B. popilliae transports glucose via a PEP:sugar phosphotransferase system.
Maltose is utilized as a carbon and energy source by B. popilliae, and the oxidation of maltose is constitutive. However, Bhumiratana et al.
(1) noted that the growth rate was much slower with maltose than with either trehalose or glucose. We confirmed this and demonstrated further that there was no growth response to maltose until the concentration in the medium exceeded 2.5 x 10-: M (0.085%). The rate of growth increased with increasing levels In summary, these and earlier results indicate that both trehalose and glucose are transugh 4.8 x 10-2 M (-1.6%); even ported into B. popilliae cells by group transloration, the generation time was cation dependent on PEP. The PEP:sugar phosies that observed in the same photransferase system is the most likely candi-(TY) plus 10-4 M glucose.
date. However, it is possible that glucose may opilliae accumulated radioactiv-also enter the cell by some other mechanism I 1'4C]maltose, and this accumu-when it is present in high concentrations. In inhibited by 0.01 M sodium fluo-contrast to the above, maltose appears to enter [Is were incubated with various the cells as free maltose and is then hydrolyzed of 1'4C]maltose, there was no to glucose. The rate of maltose uptake is slow uration of the system over a 100-and may limit the rate of utilization. incentration (1 x 10-s to 1 x 10-9 LITERATURE CITED 3L transport system is involved in 1. Bhumiratana, A., R. L. Anderson, and R. N. Costilow.
, the k,,, for maltose is very high.
